Abstract -
INTRODUCTION
The breeding of rubber tree (Hevea brasiliensis (Willd. ex Adr. de Juss.) Muell.-Arg.) is based mainly on generating plants with high yield potential, followed by other secondary traits that contribute to the desirable increase in yield potential (Gonçalves et al. 2001) . However, the time to produce and test new genotypes would require at least 20-30 years, until the final recommendation. These aspects have caused breeders to study possibilities of reducing the rubber tree selection cycle (Priyadarshan et al. 2009 ).
Quantitative information is based on the level of genetic variation, on the type of gene action and on the heritability of economically important traits. It is useful to determine the difficulty of selection and find strategies to overcome these problems, and in a broader context, it extends the knowledge on the genetic and reproductive behavior of the involved species (Gonçalves et al. 2006 ).
Estimating genetic parameters provides information about the nature of gene action involved in the trait inheritance and underlies the establishment of breeding plans. Thus, quantitative genetics, in general, explains almost all phenomena involved in genetic breeding (Vencovsky and Barriga 1992) . Studies of genetic variances and genetic gain in the juvenile plant stage can maximize genetic gains while shortening the breeding cycle (Adams et al. 2007 ).
This study was designed to evaluate the genetic variability, the potential for rubber yield and secondary traits in rubber progenies at three locations in the State of São Paulo.
MATERIAL AND METHODS
The study was conducted using 22 rubber half-sib progenies from superior parental clones, derived from genotypes introduced from Southeast Asia in 1952, at the Agronomic Institute (IAC). The experiments were conducted in three regional centers of the São Paulo Agency of Agribusiness Technology (APTA), in the municipalities of Jaú, Pindorama and Votuporanga, representing different regions of rubber cultivation in the State of São Paulo (Table 1) . The experiments were conducted in a randomized block design with 22 treatments, 6 replications and 10 plants per plot (spacing 1.5 x 1.5 m).
The rubber yield (RY) was obtained by the modified early Hamaker Morris-Mann test (HMM) for three-year-old seed-ARTICLE lings (Tan and Subramaniam 1976) , based on the average dry rubber yield of 20 consecutive tappings per plant. The tapping panel was opened 15 cm above the ground, using a ½S d/3 ET 2.5% (i.e., half-spiral tapping every three days, stimulation with 2.5% ethephon), with a total of 25 tappings, discarding the first five tapping samples that corresponded to the adaptation of the panel.
The girth growth was determined (GG, in cm) at 50 cm from the ground with a measuring tape. The total number of latex vessel rings (NR) was counted by examining radial longitudinal sections.
Analysis of variance

Analysis of individual variance
The studied variables referring to the data of each assessment of each site were analyzed using the mathematical model that considers all effects except the mean as random, expressed as: The estimation of variances was based on the plot means at each location, as recommended by Steel and Torrie (1980) . The variances within plots ( 2 d σ ) were calculated using data of individual plants, and the means of these plot variances were considered as the respective mean squares. The other estimates of variance components were computed by the mathematical expectation of mean squares.
Combined analysis of variance
The combined analysis of variance was performed according to the mathematical model that considers the local and genotypes as random effects (Vencovsky and Barriga 1992) : The expected mean squares [E (MS)], considering the model for combined analysis in randomized blocks, were based on Cruz and Regazzi (2004) .
Estimates of genetic and phenotypic parameters
The estimates of variance components were obtained by the methodology of mixed linear model Reml/Blup (restricted maximum likelihood and best linear unbiased prediction), according to the procedure proposed by Resende (2002a) . 
RESULTS AND DISCUSSION
The individual values of mean squares, as well as the means and coefficient of experimental variation for rubber yield (RY), the total number of latex vessel rings (NR) and girth growth (GG), referring to the individual and combined analyses, are shown in Tables 2 and 3 , respectively.
The means for NR were highest in Jaú (3.16), followed by Pindorama (3.06) and Votuporanga (2.98). Mean for GG varied little between locations (8.68 cm in Jaú, 10.36 cm in Pindorama and 11.84 cm Votuporanga). For the means of RY, substantial differences were observed between Jaú (0.89 g) compared to Pindorama (0.48 g) and Votuporanga (0.43 g). The values obtained are consistent with those found for rubber yield by Costa et al. (2000) . These data indicate that the plant material of Jaú may be more productive and maximize genetic gains in the sequence of the breeding program. The combined means of all locations were 2.65 for NR, 9.61 cm for GG, and 0.33 g for RY.
The genetic variability was evidenced by the significant effects at 1% probability for all traits at the three locations, except for RY (Jaú), with a significant difference at 5% probability, indicating less variability among progenies for rubber yield in Jaú than at the other locations. These results are consistent with those found by Gonçalves et al. (2005) and Martins et al. (2000) in a study conducted for the trait rubber yield at the same experimental locations, confirming the possibility of using the genotypes established with individual selection within progenies.
The mean square effects of the progenies, of the locations and of the genotype-environment interaction (Table 3) were significant at 1% probability for GG only, indicating that for this variable, the progeny performance at the three locations is different. For NR and RY, the mean square effects were not significant, showing that the progenies did not differ, although there was interaction with the environment. The significant mean square effect of the genotype -environment interaction indicates the need to conduct region-specific breeding programs, to obtain genotypes better adapted to soil and climatic conditions, ensuring high yields. Gonçalves et al. (2009a) found significant effects at 1% probability in a study with progenies at more than one location. The results of test evaluating the genotype can be used to select and recommend clones adapted to a particular agro-climatic condition if the differences can be defined according to environmental factors (Gonçalves et al. 2003 ).
The individual genetic parameters are shown in Table 4 , and the genetic parameters of the combined analysis in Table 5 . The individual heritability estimates ( ) 2 a h at the three locations were 0.30, 0.63 and 0.29 for RY, GG and NR, respectively. These values are considered moderate to high, indicating that the environment has little influence on the variables. The data show that the populations are suitable for the breeding program. In other words, genetic gains are expected by applying the appropriate selection procedure. These results are similar to those reported for rubber by Gonçalves et al. (2005) low individual heritabilities are common for quantitative traits and, as a rule lead to a moderate level of heritability of progeny means (Resende 2002a ). According to Falconer (1987) , heritability is not a property of one trait only, but also of the population and the circumstances of the environments to which the plants are exposed. The heritability value may be altered if any of the components of genetic and phenotypic variances is changed.
The results of the average heritability of progenies ( ) p m ĥ were moderate to high (0.37 to 0.89), indicating that selection may be more effective using the information of the progenies. These findings agree with data on rubber published elsewhere (Costa et al. 2000 , Gonçalves et al. 2005 .
The individual heritability in the broad sense ( ) 2 i h of the combined analysis (Table 5 ) was low for all traits (0.014, 0.024, 0.012 for NR, GG and RY, respectively). These values were lower than those resulting from the individual analysis, indicating a greater effect of environment on progenies. The values of the progeny mean heritability ( ) (Table 4) , and 0.64 for RY, 0.79 for GG and 0.68 for NR (Table 5 ). The value obtained for yield of the rubber progenies was consistent with that determined by Costa et al. (2000) . 
